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A GENE WHICH EXHIBITS INDUCED EXPRESSION BY STRESS 



BACKGROUND OF THE INVENTION 

1. Field of the invention 

[0001] This invention relates to C7 gene, a novel gene induced in response 
to injury stress, osmotic-pressure stress, salt stress or low-temperature stress, 
which encodes a receptor-like protein. 

2. Description of the art 

[0002] In the future, technical development for efficient production of crops 
in agriculture will be required, because food crisis is expected to occur. 
Since loss of food production caused by various environmental stresses is a 
serious problem in the field of agriculture, there is great demand on production 
of a plant exhibiting tolerance to various environmental stresses. 
[0003] To attain such a purpose, it is indispensable to investigate on self- 
defense system against stresses in a plant. The self-defense system can be 
roughly classified to the following three stages : (1) recognition of stress; (2) 
transduction of stress signal; and (3) response to stress. The investigation on 
the second process of signal transduction and third process response have 
achieved some progression and factors involved in the processes were 
identified. However, the knowledge on the first recognition process and the 
relation of the process with the signal transduction process remains to be 
insufficient. In general, it is known that an upstream factor operates to 
control plural downstream factors in the signal transduction pathway. 
Therefore, it is considered that the analysis on the recognition process, which 
exists in the upstream of the pathway, might give a method for efficient and 
concurrent control of plural factors, at the transduction pathway or the 
recognition pathway locating downstream of the stress defense mechanism. 
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SUMMARY OF THE INVENTION 
[0004] Therefore, the inventors investigated on a method to render stress 
resistance to a plant, using factors operating in the process of stress recogni- 
tion in a plant. That is, the object of this invention is isolation of a gene 
involved in early stage of stress response and analysis of the mechanism of the 
function of the gene. 

[0005] The inventors searched for a gene induced by exposure to stresses, 
those are injury stress, osmotic-pressure stress, salt stress and low-temperature 
stress (4°C), using tobacco (Nicotiana tabacum cv Xanthi nc). As the result, 
the inventors obtained C7 gene temporarily induced by those stresses in its 
early stage. That is, C7 gene of this invention was initially identified by 
FDD method as a rapidly and transiently induced clone upon wounding. 
Using this FDD fragment, the full-length cDNA clone was isolated from a 
cDNA phage library prepared from wounded tobacco plants. From the 
viewpoint of the expressive response of C7 gene, it is assumed that the product 
of said gene may be a sensor which recognizes external stress and involved in 
expression control of stress responsive gene existing its downstream. 
Therefore, it is expected that, a plant exhibiting resistance to injury stress, 
osmotic-pressure stress, salt stress or low-temperature stress might be 
produced by incorporating said gene into a plant. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0006] 

Fig. 1 a figure showing the total base sequence and the deduced 
amino acid sequence of C7 gene. 

Fig. 2 is a figure showing predicted functional region and 
hydrophobic profile of C7 gene product. 

Fig. 3 is a figure showing amino acid alignment of the region 
exhibiting homology to LRK10, a receptor-like protein. 
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Fig. 4 is a photograph showing expression of C7-GFP fusion 
protein on cell surface. 

Fig. 5 is a figure showing time course of mRNA level of C7 gene 
after exposure to injury stress, detected by Northern blotting analysis. 

Fig. 6 is a figure showing time course of mRNA level of C7 gene 
after exposure to salt stress, detected by Northern blotting analysis. 

Fig. 7 is a figure showing time course of mRNA level of C7 gene 
after exposure to osmotic pressure stress, detected by Northern blotting 
analysis. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0007] This invention relates to C7 gene originated from tobacco, consisting 
of a base sequence consists of bases numbered by Nos. 1-1210 shown in SEQ 
ID NO: 3 in a sequence list thereof. The C7 gene has the characteristic that 
its expression is induced by injury stress, osmotic-pressure stress, salt stress or 
low-temperature stress . In the C7 gene, the base sequence corresponding to 
open reading frame portion, the portion encoding the protein, is shown in SEQ 
ID NO: 2 in a sequence list thereof. The gene consisting of the base 
sequence shown in SEQ ID NO: 2 in a sequence list thereof is also within the 
range of this invention. 

[0008] According to technique of gene recombination, artificial modification 
can be achieved at a specific site of basic DNA, without alteration or with 
improvement of basic characteristic of said DNA. Concerning a gene having 
native sequence provided according to this invention or modified sequence 
different from said native sequence, it is also possible to perform artificial 
modification such as insertion, deletion or substitution to obtain gene of 
equivalent or improved characteristic compared with said native gene. 
Moreover, a gene with such mutation is also included in the range of this 
invention. That is, the gene, consisting of a base sequence hybridizes with 
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said base sequence shown in SEQ ID NO: 3 in a sequence list thereof under 
stringent condition, means a gene in which 20 or less, preferably ten or less, 
and more preferably five or less bases of the sequence is deleted, substituted or 
added to the base sequence shown in SEQ ID NO: 3 in a sequence list thereof. 
Moreover, such gene exhibits homology 60% or more, preferably 70% or 
more and still preferably 80% or more with the base sequence shown in SEQ 
ID NO: 3 in a sequence list thereof. In addition, such gene hybridizes with 
the base sequence shown in the SEQ ID NO: 3 in a sequence list thereof under 
stringent condition. Such gene is also within the range of this invention so 
far as it exhibits the characteristic of C7 gene, being induced by stresses 
described above. 

[0009] Furthermore, this invention relates to C7 polypeptide originated from 
tobacco, consisting of an amino acid sequence consists of amino acids 
numbered by NOS. 1 - 308 shown in SEQ ID NO: 1 in a sequence list thereof. 
The polypeptide is encoded by the open reading frame portion of the base 
sequence indicated by SEQ ID NO: 2 in a sequence list thereof. The poly- 
peptide consisting of an amino acid sequence in which a part of said poly- 
peptide consists of amino acid sequence shown in SEQ ID NO: 1 is deleted, 
substituted or added with one or more amino acids means a polypeptide in 
which 20 or less, preferably ten or less, and more preferably five or less amino 
acids of the sequence is deleted, substituted or added to the amino acid 
sequence shown in SEQ ID NO: 1 in a sequence list thereof. Moreover, such 
polypeptide exhibits homology 60% or more, preferably 70% or more and still 
preferably 80% or more with the amino acid sequence shown in SEQ ID NO: 
1 in a sequence list thereof. Such polypeptide is also within the range of this 
invention so far as it exhibits characteristic as C7 polypeptide, being induced 
by injury stress, osmotic-pressure stress, salt stress or low-temperature stress. 
[0010] A method to transform a plant by incorporating C7 gene into a plant, 



00136 (2000-71,655) 



and a transgenic plant produced by incorporation of said C7 gene are also 
within the range of this invention. The C7 gene of this invention is a gene 
induced by injury stress, osmotic-pressure stress, salt stress or low-temper- 
ature stress and it is involved in self defense mechanism of a plant. There- 
fore, resistance to salt stress can be rendered to a plant by incorporating said 
gene into a plant. The example of plants, preferred as a target plant, to which 
said gene induced by salt stress of this invention is incorporated, may include 
monocotyledonous plants, such as a lily, rice, maize, asparagus and wheat, as 
well as dicotyledonous plants, such as Arabidopsis thaliana, tobacco, carrot, 
soybean, tomato and potato. 

[0011] A conventional method known in this art, as a method to produce a 
transformant, can be utilized. A vector available in this invention may 
include a plasmid vector, such as pBI121 and pBI221, but not limited to them. 
Such vector can be incorporated into an Agrobacterium strain, then a callus or 
a plantlet can be transfected by the Agrobacterium strain to produce a 
transgenic plant. Furthermore, a seed from such transgenic plant can be 
obtained. The method to incorporate said plant gene of this invention is not 
limited to Agrobacterium method and other methods, such as particle gun 
method and electroporation method, can be also utilized for incorporation of 
the gene. 

EXAMPLES 

(Isolation of C7 gene fragment) 

[0012] The gene involved in initial response of injury stress was isolated 
using the fluorescence differential displaying (FDD) method. Using the FDD 
method, the C7 gene fragment, temporarily induced in early stage of injury, 
was obtained. The C7 gene fragment was recovered from the gel, 
reamplified by PCR using the same pair of primers. The amplified fragment 
was cloned into pGEM-T easy vector (Promega), resulting in the clone C7-1. 
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Southern hybridization on a blot of the original FDD-band pattern and 
northern hybridization reveals that the clone C7-1 contains a correct fragment. 
The sequence of the fragment, consisting of 338 bp, was determined by DNA 
sequencing. 

(Southern hybridization) 

[0013] Southern hybridization analysis was performed, using the clone (C 7- 
1) obtained by the method mentioned above, as a probe. The DNA fragment, 
amplified by PCR method, was applied to gel electrophoresis using 1 % 
agarose / 0.5xTBE. The gel was stained by ethidium bromide solution and i 
the reaction product was confirmed on trans-illuminator. DNA fragments 
were recovered according to the protocol of Prep-A-Gene-DNA refining kit 
(BioRad). The DNA probe was radio-labeled using BcaBEST labeling kit 
(TAKARA) and radio-labeled DNA probe was prepared. Membrane was 
placed in a vessel and hybridization solution was added into the vessel and 
pre-hybridization was performed at 65°C for more than 1 hour. Then 
hybridization was performed at 65°C for more than 16 hours using the radio- 
labeled DNA probe prepared in the vessel. After washing the membrane, 
analysis using bio-image analyzer was performed. 
(Northern hybridization) 

[0014] Membrane was placed in a vessel and hybridization solution was 
added into the vessel and pre-hybridization was performed at 42°C for more 
than 1 hour. Hybridization was performed at 42°C for more than 16 hours 
using the radio-labeled DNA probe prepared in the vessel. After washing the 
membrane, analysis using bio-image analyzer was performed. 
(Preparation of cDNA library) 
(RNA extraction) 

[0015] RNA was extracted from tobacco leaf 45 minutes after exposure to 
injury stress, using acid guanidium thiocyanate / phenol / chloroform method 
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(AGPC method). Intact tobacco leaves were cut into 5cm 2 of pieces by 
scissors and they were allowed to float on distilled water. The leaf pieces 
were collected after 45 minutes and they were frozen in liquid nitrogen. 
Tobacco leaves, equivalent to fresh weight 1 g, was put into a triturator and it 
was fractured enough to be powder form in the triturator, allowing it to freeze 
with liquid nitrogen. The powder was put into a tube containing denaturing 
buffer and 2-mercaptoethanol, then the mixture was homogenized by 
POLYRON. One ml of 2M NaOAc (pH4.0) was added to it and then stirred, 
and subsequently 10 ml of acid phenol was added and stirred. Then, 2 ml of 
chloroform / isoamyl alcohol (IAA) (49:1) was added to it and stirred, and it 
was left on ice for 15 minutes. After centrifugation, the aqueous layer was 
removed, 10 ml of isopropanol was added and the resulting solution was left in 
the room temperature for 10 minutes. After centrifugation, the pellet was 
dissolved in 600 jlxI of diethylpyrocarbonate (DEPC) treated water and the 
solution was transferred to centrifugal tube. Six hundred |il of phenol / 
chloroform / IAA (25:24:1) was added to it and centrifuged, then the aqueous 
layer was harvested. This operation was repeated twice. Two hundred jlxI of 
8M LiCl was added to it and the mixture was left at 4°C for 4 hours. After 
centrifugation, the supernatant was removed. One ml of 70% ethanol was 
added to the precipitation. After centrifugation, the supernatant was removed, 
then, it was allowed to dry in speed-back concentrator. The precipitation was 
dissolved in 50 pi of DEPC treated water to obtain total RNA extract. 
(Purification of mRNA) 

[0016] Purification was performed according to the protocol of mRNA 
purification kit (Pharmacia). The total RNA extract was re-dissolved in 1 ml 
of elution buffer. The column was re-suspended, then a falcon tube was 
stood vertically and 1 ml of high salt buffer was allowed to elute with gravity. 
This operation was repeated twice. The total RNA sample was denatured by 



00136 (2000-71,655) 



heat treatment at 65°C for 5 minutes, immediately it was cooled on ice. Then 
0.2 ml of sample buffer was applied to the column, the buffer was allowed to 
elute with gravity, then centrifuged. Two-hundred and fifty pi of high salt 
concentration buffer of was applied, then centrifuged. This operation was 
repeated 3 times. Two-hundred and fifty |al of low salt concentration buffer 
was applied, then centrifuged. This operation was repeated 3 times. 
The column was taken out from the falcon tube and the elute was removed. 
Again the column was stood vertically, 250 jal of elution buffer incubated at 
65°C, was applied and mRNA fractions were recovered by centrifugation. 
This operation was repeated 4 times. Operation of the above-mentioned spun 
column chromatography was repeated twice. Hundred pi of sample buffer, 

10 pi of glycogen solution and 2.5 ml of ice-cooled 100% ethanol were added 
to the recovered RNA fraction and it was stand at -20°C for more than 2 hours. 
The supernatant was removed by centrifugation and the precipitate was 
dissolved in 1 ml of elution buffer to obtain purified mRNA sample. 
(Synthesis of first strand) 

[0017] The purified mRNA sample, corresponding to 5 jag, was dissolved in 

11 pi of DEPC treated water and 2 pi of linker primer was added to it. After 
incubation at 70°C for 5 minutes, it was cooled on ice immediately. Ten pi 
of 5x first strand buffer, 3 pi of first strand methyl nucleotide mixture, 5 jal of 
0.1M DTT, 1 pi of RNase block ribonucleotide inhibitor, and 12 jal of DEPC 
treated water were added to it in the order. Then it was mixed and incubated 
at 37°C for 2 minutes. SUPERSCRIPT II reverse transcriptase was added to 
it and mixed. After 1 hour of reaction, it was cooled on ice. 

(Synthesis of second strand) 

[0018] The synthesis was performed according to the protocol of ZAP- 
cDNA synthesis kit (Stratagene). Twenty pi of lOx second strand buffer, 6 
pi of second strand nucleotide mixture, 111 pi of distilled water, 2 pi of 
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RNaseH and 12 |il of DNA-polymerase I were added to 50 jal of first strand 
reaction mixture in the order and mixed. After 2.5 hours of reaction at 16°C, 
it was cooled on ice. 
(Blunting of cDNA terminal) 

[0019] Twenty-three pi of Blunting dNTP mixture solution and 2 pi of 
cloned Pfu DNA Polymerase were added to 200 pi of second strand buffer 
reaction mixture and the reaction was performed at 72°C for 30 minutes. 
Two hundred pi of phenol/chloroform was added to it and stirred, then the 
aqueous layer was recovered by centrifugation. Two hundred jllI of chloro- 
form was added to it and stirred, then the aqueous layer was recovered by 
centrifugation. Twenty jliI of 3M sodium acetate and 400 pi of 100% ethanol 
were added and it was left at -20°C over night. The supernatant was removed 
by centrifugation and 400 pi of 70% ethanol was added to it. The supernatant 
was removed by centrifugation and it was dried in speed- back concentrator. 
The precipitate was dissolved in 9 pi of EcoRI adapter solution and 1 pi of the 
solution was preserved in -20°C to confirm synthesis of the second Strand. 
(Ligation of ECoRI adapter) 

[0020] One pi of 1 Ox ligase buffer, 1 pi of 10 mM rATP and 1 pi of T4 
DNA ligase are mixed to 8 pi of the reaction mixture remained in the above- 
mentioned operation and stirred. Then the mixture was treated at 8°C for 
2 days. 

(Phosphorylation of EcoRI terminal) 

[0021] After incubating 1 1 pi of die resultant mixture described above at 
70°C for 30 minutes, it was left at room temperature for 5 minutes. One pi 
of lOx ligase buffer, 2 pi of lOmM rATP, 6 pi of distilled water and 0.7 pi of 
T4 polynucleotide kinase were mixed and it was treated at 37°C for 30 minutes. 
It was incubated at 70°C for 30 minutes, then it was left at room temperature 
for 5 minutes. 
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(Xhol cleavage) 

[0022] Twenty-eight pi of Xhol buffer and 3 pi of Xhol were added to 
20.7 pi of the resultant mixture and mixed, then it was reacted at 37°C for 
1 .5 hours. After cooling at room temperature, 5 pi of lOxSTE buffer (1M 
NaCl, 200mM Tris-HCl pH7.5, lOOmM EDTA) was added to it and mixed. 
(Size decomposition) 

[0023] Size decomposition was performed according to the protocol of 
cDNA Spun Columns SizeSep 400 Spun Colums (Pharmacia). The column 
was re-suspended with 2 ml of STE buffer and it was allowed to elute. This 
operation was performed twice. A falcon tube was stood vertically and then 
it was centrifuged. A centrifugal tube, used for collection of the eluate, was 
set in the falcon tube and the cDNA sample was applied to the center of the 
column. Then 56.7 ul of cDNA fraction was recovered by centrifugation. 
Total volume of the fraction was adjusted to 200 ul with STE buffer. Two 
hundred pi of phenol/chloroform was added and stirred, then the aqueous 
layer was recovered in a new centrifugal tube by centrifugation. Two 
hundred pi of chloroform was added and stirred, then the aqueous layer was 
recovered in a new centrifugal tube by centrifugation. Four hundred pi of 
100% ethanol was added to it and it was left at -20°C over night. The 
supernatant was removed by centrifugation and the precipitate was dried in 
speed-back concentrator. It was dissolved in 5 pi of distilled water to obtain 
cDNA sample (10 ng/ul). 

(Ligation of cDNA to arm of Uni-ZAP XR vector) 

[0024] 0.5 pi of lOx ligase buffer, 0.5 pi of 10 mM rATP, 1 pi of Uni-ZAP 
XR vector and 0.5 pi of T4 DNA ligase were added to 2.5 pi of the above- 
mentioned cDNA sample and mixed, then it was reacted at 4°C for 2 days. 
(Packaging) 

[0025] Packaging was performed according to the protocol of MaxPlax 
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Lambda Packaging Extract kit (EPICENTRE TECHNOLOGIES) . After 
incubating 5 ul of the above-mentioned ligation sample at 65°C for 15 minutes, 
it was left at room temperature for 5 minutes. The packaging extract was 
dissolved and 5 pi of the ligation sample was added to it and mixed, then it 
was incubated at 21 .9°C for 1 10 minutes. Five-hundred ul of SM buffer 
(5.8g NaCl, 2.0g magnesium sulfate heptahydrate, 50ml Tris-HCl pH7.5, and 
5 ml of 2% gelatin) and 25 |al of chloroform were gently mixed with it and 
centrifuged. Four hundred and fifty jlxI of the obtained supernatant was 
preserved at 4°C as the packaging product. 
(Screening of full-length C7 strand) 
(Plating) 

[0026] The host Escherichia coli XLl-Blue MRF, obtained by the stroke 
culture on LB-Tet (12.5 ug/ml), was cultured at 37°C with shaking on 3 ml of 
LB plate, to reach OD600 value of 0.5. A hundred ul of the packaging 
product and 100 pi of the host bacteria were mixed, then incubated at 37 °C for 
15 minutes. The mixed-culture liquid was mixed with 3 ml of LB top agar 
(liquor LB medium plus 0.7% agarose), which have been kept at 48°C, and 
plated on LB plate immediately. It was incubated at 37°C over night. 
(First screening) 

[0027] The above-mentioned plate was dried with air for 30 minutes. 
While cooling the plate on ice, nylon membrane (Hybond-N+, Amersham) 
was attached to the plate, then it was left for 2 minutes. The membrane was 
detached and it was immersed into denaturing buffer (0.5M sodium hydroxide, 
1 .5M sodium chloride) for 2 minutes. Moreover, it was immersed into 
neutralizing buffer (0.5M Tris-HCl pH7.5, 1 .5M NaCl) for 5 minutes. It was 
immersed into 20xSSC buffer (sodium chloride 175.3g, sodium citrates 88.2g) 
for 30 seconds, then it was dried on Kim towel. The DNA was crosslinked 
on the membrane by UV cross-linker at 70,000 u J/cm 2 . Pre-hybridization, 
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hybridization using the gene fragment of C7-1 clone as a probe, washing, and 
detection of the signal were performed as described above in Northern 
hybridization. 
(Second screening) 

[0028] Positive plaques obtained by the first screening were punched out by 
a pipette provided with a tip and suspended in 500 pi of SM buffer. Then 
25 pi of chloroform was added to it and stirred. Plating, crosslinking to the 
membrane, pre-hybridization, hybridization, washing and detection of the 
signal were performed as described above. 
(In vivo excision) 

[0029] Escherichia coli XLl-BlueMRF described above and Escherichia coli 
SOLR obtained from the stroke culture on a LB-km (50 ng/ml) plate were 
cultured with shaking in 3 ml of LB medium at 37°C over night. The plaque 
of the purpose obtained in the second screening was punched out as described 
above and it was suspended in SM buffer. Twenty pi of chloroform was 
added to it and then stirred. Subsequently, it was left at room temperature for 
1 to 2 hours, with occasional stirring, to obtain phage stock 1. A hundred pi 
of Escherichia coli XLl-BlueMRF strain, 150 pi of the phage stock and 1 pi 
of ExAssist helper phage were mixed in a test tube and it was left at 37°C for 
15 minutes. After addition of 1 ml of LB medium, it was cultured with 
shaking at 37°C for 2 to 3 hours. The culture mixture was poured into 1.5 ml 
centrifugal tube, it was incubated at 70°C for 20 minutes, then it was cooled 
to room temperature. The supernatant was harvested by the centrifugation to 
obtain phage stock 2. Two-hundred pi of Escherichia coli SOLR strain and 
50 pi of the phage stock 2 were mixed in 1.5 ml centrifugal tube and the 
mixture was left for 15 minutes. Fifty pi of the solution was plated on LB- 
Amp (50 pl/ml) plate and the plate was cultured at 37°C over night. 
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(Confirmation of the plasmid) 

[0030] The plasmid of the colony was confirmed using colony PCR method. 
T3 primer (20mer, 5 '- AATT AACCCTC ACTAA AGGG-3 *, 3.2 pM, 1.5 pi), 
T7 primer (22mer, 5 '- GT A AT ACG ACTC ACT AT AGGGC-3 ', 3.2 pM, 1.5 pi), 
dNTPs (2.5mM, 1.6 pi), lOxPCR buffer 2 pi, DNA polymerase (TAKARA 
Taq, 5 U/pl, 0.1 pi), 13.3 |al of distilled water and the colony picked up with a 
toothpick were put into 0.2 ml PCR tube and mixed well by tapping. 
Amplification was performed by PCR apparatus . After the reaction , 
electrophoresis was performed using 1 % agarose / 0.5xTBE gel . It was 
stained with ethidium bromide solution and the reaction product was 
confirmed on trans-illuminator. In the following, the colony PCR was 
performed with modification of conditions, such as primer and time of 
extension reaction, according to the occasions. 
The conditions of the colony PCR 
95 °C 1 minute 

94°C 30 seconds, 55°C 30 seconds and 72°C 2 minutes : 25 cycles 
72°C 7 minutes, 4°C Infinity time 
(Preparation of plasmid by alkali miniprep method) 
[0031] The single colony was inoculated in 3 ml of LB -Amp and it was 
incubated at 37°C over night. The cultured medium was put into 1 .5 ml tube 
and bacterial cells were harvested by centrifugation. The supernatant was 
removed and the E. coli. cells were suspended in 100 pi of solution I (50 mM 
glucose, 20 mM Tris-HCl pH8.0, 10 mM EDTA pH8.0). After addition of 
200 M l of solution H (0.2 N NaOH, 1 % SDS), the solution was mixed gently 
and settled on ice for 5 minutes. After addition of 150 ul of solution III (3 M 
potassium acetate, pH 4.8), the solution was mixed gently and settled on ice 
for 5 minutes. After centrifugation, the supernatant was harvested in a fresh 
1 .5 ml tube. Five hundred and fifty pi of phenol/chloroform was added to it 
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and the solution was shaken for 5 minutes. It was centrifuged and the 
aqueous layer was harvested in a fresh 1.5 ml centrifugal tube. Nine hundred 
|jl of 100% ethanol was added and it was left at room temperature for 
3 minutes. After centrifugation, the supernatant was removed. Nine 
hundred jal of 70% ethanol was added, the supernatant was removed, and the 
precipitate was dried in speed-back concentrator. It was dissolved in 50 fil of 
TE, 1 jil of RNase (1 mg/ml) was added to it and the solution was left for 
30 minutes. In the following, preparation of the plasmid by alkali miniprep 
method was performed by the procedure described above. 
(Confirmation of insertion by restriction enzyme treatment) 
[0032] Two fil of prepared plasmid solution, universal buffer H (TAKARA, 
2 EcoRI (TAKARA, 0.1 and Xhol (TAKARA, 0.1 ^il), and 15.8 jml of 
distilled water were put into a centrifugal tube and reaction was performed at 
37 °C for 1 hour. After the reaction, gel electrophoresis was performed using 
1% agarose / 0.5xTBE. It was stained with ethidium bromide solution and 
the reaction product was confirmed on trance-illuminator. In the following, 
confirmation of the insertion, by restriction enzyme treatment, was performed 
using the procedure described above, with alteration of restriction enzymes 
according to the occasions. 

(Preparation of the plasmid by PEG precipitation) 

[0033] PEG / NaCl [1 .6M / 1 3% (w/v)] was added to 50 pi of plasmid 
solution prepared by alkali miniprep method and it was left at 4°C over night. 
The supernatant was removed by centrifugation (15,000 rpm, 20 minutes, 4°C), 
250 jal of 70% ethanol was added to the precipitate and centrifugation was 
performed again. The supernatant was removed, the precipitate was dried in 
speed-back concentrator and dissolved in 40 |jl of TE. Hereafter, preparation 
of the plasmid using PEG was performed by the method described above. 
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(Determination of DNA sequence of C7 full-length cDNA strand) 
[0034] BigDye Terminator Ready Reaction Mixture (PE applied system, 
8 ul), T7 or T3 primer (3.2 uM, lul) and the plasmid (corresponding to 
approximately 500 ng) prepared using PEG were put into 0.2 ml PCR tube, 
then distilled water was added to it, resulting to total volume of 20 ul. After 
the reaction by PCR apparatus, the total solution was transferred to 1.5 ml tube 
for centrifugation. Two ul of 3M NaOAc (pH5.2) and 50 ul of ice-cold 
100% ethanol were added to it, then it was left at -80°C for more than 
20 minutes. The supernatant was removed by centrifugation, 250 jal of 70% 
ethanol was added to the precipitate, then centrifugation was performed again. 
After drying the precipitate in speed-back concentrator, it was dissolved in 
12 uJ of Templete Suppression Reagent (TSR, PE applied system). After 
heat denaturation at 95°C for 3 minutes, it was immediately cooled on ice. 
The conditions of PCR 

96°C 10 seconds, 50°C 5 seconds, and 60°C 4 minutes : 25 cycles 
4°C, Infinity time 

[0035] Furthermore, the base sequence was determined by fluorescence 
capillary sequencer (ABI PRISM 310 Genetic- Analyzer PE applied system). 
The primers used for the sequence determination are as follows. 

C7F1 : (29mer, 5-GCTCCTATCAATTCGTCACAGTATATTCC-3', 3 2 uM, 
lul) 

C7F2 : (25mer, 5'-CCAGGCATTTCATCAAACAAGTTCG-3', 3.2 uM, 1 ul) 
C7R1 : (22mer, 5'-CTCCACCTATTCCTATACCGCC-3\ 3.2 uM, 1 ul) 

C7R2 : (26mer,5 , -GCACTCACCCCCACGACTCCGGTCGC-3', 3.2 p.M, 1 uJ) 
(Functional analysis of C7 gene product) 

[0036] As the result of sequence determination of full length C7 gene, it was 
found that the full length comprising 1210 bp, which encodes 308 amino acids 
(Fig. 1). According to the result of homology search by BLAST, it was 
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shown that the amino acid sequence of C7 exhibited significant homology to 
receptor-like proteins. Moreover, the localization of C7 protein in the cell 
was estimated by PSORT. As the result, it contained hydrophobic signal 
which cleaves at the 24th amino acid, single transmembrane domain having 
helix structure and hydrophilic cytoplasmic region. The predicted functional 
region of C7 gene product and its hydrophobic profile are shown in Fig. 2. 
(Homology of C7 protein and receptor-like kinases) 
[0037] As described above, from the result of homology search and 
predicted structure, it was suggested that protein encoded by the C7 gene was 
a transmembrane protein. Furthermore, it was suggested that C7 protein 
exhibited significant homology to receptor-like kinases (RLK) from database 
search. The amino acid alignment of the region exhibiting homology to 
LRK10, which is product of wheat LrlO disease resistance-gene locus, is 
shown in Fig. 3. In Fig. 3, the regions surrounded by squares indicate amino 
acids having identity among the three proteins and the dotted regions indicate 
those having high homology among the three proteins. 
(Localization in a plant cell) 

[0038] Localization of C7 protein in a plant cell was examined using C7- 
GFP (Green Fluorescent Protein) fusion protein. C7/GFP fusion plasmid was 
coated to aurum particles and they were incorporated into plant tissue (onion) 
by particle gun method. After incubation for overnight, observation using 
fluorescence microscope revealed that the C7-GFP fusion protein localized on 
plasma membrane (Fig. 4). Fig. 4 shows GFP (left) temporarily expressed on 
onion epidermal cell and fluorescence signal of the C7-GFP fusion protein 
(right). 

[0039] From features of C7 protein described above, it was suggested that 
C7 protein would be type I transmembrane protein. In spite of having 
homology with receptor-like kinases, a cytoplasmic region having kinase 
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sequence was not found in C7 protein. The stress sensor proteins are known 
to form dimers and interact with other proteins to transduce signals to the 
downstream of transduction pathway in a cell. Therefore, it is assumed that 
C7 protein may be an osmotic-pressure sensor which forms a dimer. 
Moreover, it is possible that C7 protein may transduce signals by interaction 
with certain target protein in a cell, which result in expression control of 
downstream genes responsible for other stress response. 
(Characterization of C7 expression on stress response) 

[0040] The characterization of expression of C7 gene on stress response was 
examined by Northern hybridization. That is, time course of C7 gene 
expression was investigated on a leaf exposed to injury stress. C7 gene 
exhibited transient expression, that is, expression of C7 gene initiated 
approximately at 10 minutes, reached to maximum at 30 minutes and 
disappeared at 4 hours (Fig. 5). The lower data in Fig. 5 shows the result of 
actin expression, the control gene exhibiting constitutive expression. Thus, 
C7 gene is expressed transiently at early stage of injury stress response, 
indicating importance of this gene for a plant. 

[0041] The influence of aqueous environment of a cell, on the expression of 
C7 gene, was examined. That is, influence of salt stress was examined with 
1.2% NaCl and that of osmotic-pressure stress was examined with 500 mM 
mannitol. An intact leaf was cut off from a plant and immersed in water for 
4 hours to avoid influence of mechanical injury stress on C7 gene expression, 
then it was re-immersed in each solution for stress treatment. Consequently, 
transient expression, caused by each of salt stress and osmotic-pressure stress, 
was found 45 minutes after stress treatment. Alteration of mRNA level, 
caused by salt stress of 1 .2% NaCl treatment which was detected by Northern 
hybridization, was shown in Fig. 6. Alteration of mRNA level, caused by 
osmotic-pressure stress of 500 mM mannitol treatment, was also shown in 
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Fig. 7. The results of detection of rRNA and actin, the control gene 
exhibiting constitutive expression, were shown in the lower columns of Figs. 6 
and 7, respectively. That is, it was shown that the expression of C7 gene 
increased in response to aqueous environmental stress. Furthermore, the 
response of C7 gene to dehydration stress and low temperature stress was also 
examined. As same in the case of salt stress and osmotic-pressure stress, an 
intact whole leaf was cut off from a plant, it was immersed in water for 4 
hours, and then exposed to low-temperature stress under 4°C. As the result, 
although the expression of C7 gene was induced by low-temperature stress, C7 
gene was not induced by hydration stress. 

[0042] According to this invention, C7 gene, a novel gene encoding a 
receptor-like protein which is induced in response to injury stress, osmotic 
pressure stress, salt stress or low-temperature stress, is provided. Moreover, 
a polypeptide encoded by said gene is provided. 
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